526 1002 COASTAL FISHERIES STUDY, FINAL REPORT, 1988-1991

Female Male

l
N

Ln(weight)

Early Late

—2 | l ! | !
3 4 ) 6 3 4 5
Ln(length)

FIGURE 6.39.— Log-transformed weight-length data (O = outliers) for
comparisons between sexes (A, B) in July and between seasons (C, D).
Seasonal data are from early (July 9-31) and late (August 27-September
14) time periods.
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TABLE 6.14.— Seasonal fish condition comparisons for Arctic flounder for all
years combined and for individually sampled years.
significant changes in condition.

Asterisks (%) indicate

Slopes Intercepts
Group N b(SE) P-values logea(SE) P-values r?
All years
Early 679 3.18 (0.02) -12.22 (0.09) 0.98
Late 541 3.16 (0.01) -11.97 (0.07) 0.98
P =10.28 P = 0.0001 *
Without outliers P =10.07 P = 0.0001 *
1989
Early 52 3.12 (0.04) -11.80 (0.21) 0.99
Late 236 3.12 (0.02) -11.75 (0.08) 0.99
P =0.97 P = 0.002 %
Without outliers P =20.25 P = 0.0003 *
1990
Early 335 3.17 (0.02) -12.13 (0.10) 0.99
Late 138 3.17 (0.02) -12,15 (0.19) 0.98
P =0.54 P = 0.0001 %
Without outliers P = 0.0006 P = 0.0001
1991
Early 261 3.21 (0.04) -12.42 (0.18) 0.97
Late 138 3.17 (0.02) -12.09 (0.12) 0.99
P = 0.48 P = 0.0001 *
Without outliers P =0.66 P = 0.0001 *
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TABLE 6.15.— Condition comparisons in overwintering Arctic flounder for the
winters of 1989-90, and 1990-91. Asterisks (%) indicate significant changes
in condition.

Slopes Intercepts
Group N B(SE) P-values logea(SE) P-values r?
1989 - 1990
Fall 109 3.10 (0.02) -11.67 (0.12) 0.99
Spring 335 3.17 (0.02) -12.13 (0.10) 0.99
P =0.09 = 0.0001 %
Without outliers = 0.04 = 0.001
1990 - 1991
Fall 133  3.19 (0.04) -12.15 (0.19) 0.98
Spring 261 3.21 (0.04) -12.42 (0.18) 0.97
P =0.78 P =0.0001 =

Without outliers P =0.002 P = 0.0001
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FIGURE 6.40.— Log-transformed weight-length data (O = outliers) for
three comparisons, winter 1988-89, 1989-90, and 1990-91.
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FIGURE 6.41.— Log-transformed weight-length data (O = outliers) for
among-area comparisons, early (July, first column) and late (after August
27, second column) of each year. Plots are compared down the columns.
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indicated Beaufort Lagoon fish condition was higher than Kaktovik and Jago
lagoons and lower than Simpson Cove. Plots of transformed data showed data
from Simpson Cove were sparse, clustered differently, and dissimilar to other
areas (Figure 6.41D). We observed similar results from within-year
comparisons. Due to low sample sizes, we dropped Simpson Cove data from the
analyses for 1989 and 1991.

Annual differences.— We detected significant differences in condition among
years in all July analyses with the exception of the Kaktovik and Jago lagoons
analysis with outliers removed (Table 6.18). The pooled pairwise analyses
indicated that fish condition in 1991 differed from that seen in 1989 or 1990,
Intercept values indicated that 1991 fish had lower condition than the other
two years. Within Beaufort Lagoon, pairwise comparisons indicated that 1990
was different from 1989 and 1991. Intercepts at Beaufort Lagoon indicated
fish from 1990 had lower condition than those from other years. Kaktovik
Lagoon and Simpson Cove results indicated that fish from 1990 had higher
condition than those from 1991. Plots of transformed data showed large
differences in both the size range and size distribution of data from sampled
fish (Figure 6.42).

We found significant differences in condition among years with areas pooled
and within Beaufort Lagoon (Table 6.19). For pooled data pairwise comparisons
indicated that 1991 was different from 1989 and 1990. Intercept values
indicated that fish condition was lowest in 1991, Plots of transformed data
showed similar size ranges and dispersion of observations among the years
(Figure 6.43). The presence or absence of outliers did not change statistical
results. Within Beaufort Lagoon only 1989 and 1991 had adequate sample sizes
for comparative analyses. Fish condition was lower in 1991 than in 1989. In
Kaktovik and Jago lagoons either no differences in condition was detected, or,
when outliers were discarded, differences in slope precluded statements about
condition.

Age and Growth

Arctic flounder collected during July in 1988, 1989, and 1990 ranged from 1
to 18 years of age and from 48 to 277 mm TL. Age-2 fish occurred most
frequently (21%, N = 47), with age-10 fish second in frequency (19%, N = 40).
The overall mean age was 7 years (N = 215, SE = 0.2) and the overall mean
length was 163 mm TL (N = 215, SE = 4.1, Table 6.20). Overlap of length
ranges between year classes was considerable, indicating variable growth among
individuals and less distinctions in length among years. Plots of overall
mean length at age showed nearly steady growth increases (Figure 6.44). This
contrasts with our other target species, which exhibited declining growth
rates as the fish aged.

We found no significant differences in mean lengths at age among areas
(Table 6.21). Among years, significant differences in mean lengths were
indicated only at age 10 between 1991 and the other years (Table 6.22).
Average length of 10-year-old Arctic flounder was greater in 1991 than that in
either 1989 or 1990. Overall age and length frequencies showed bimodal
distributions (Figure 6.44). Lengths peaked between 50 and 150 mm TL and at
200 mm TL. Ages peaked at age-2 and 10. The modes at 200 mm TL probably
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FIGURE 6.42.— Log-transformed Arctic flounder weight-length data (0O =
outliers) collected during July in all areas for comparisons among-years.
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TABLE 6.20.— Mean length at age (SE) and ranges for Arctic flounder
collected during July, all years and areas pooled.

Age N Length (SE) Range
1 4 63(9) 36-109
2 47 85(4) 48-206
3 20 109(5) 73-170
4 17 142(5) 90-198
5 3 141(14) 119-167
6 1 129(--) .-
7 6 181(10) 144-225
8 8 181(6) 152-216
9 28 198(6) 109-245
10 40 198(4) 142-259
11 19 232(7) 121-265
12 14 231(8) 182-272
13 4 232(12) 204-262
14 2 256(11) 245-267
15 1 248(--) -
16 0 -- -
17 0 -- -
18 1 277(--) --

N = 215 X = 163
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corresponded to 10-year-old fish., The 50-150 mm TL mode may correspond to the
peak at age-2, but based on length at age analysis, is more likely
representative of age-1 Arctic flounder.

The data stratified by area showed bimodal distributions in lengths and ages
similar to the overall plot, except for fish collected in Kaktovik and Jago
lagoons. Low sample sizes from these latter areas prevented interpretation of
age frequency distributions (Figure 6.45; Table 6.21). Data stratified by
years indicated bimodal distributions similar to those in the overall
distributions except for 1988 (Figure 6.46). During that year, fish less than
50 mm TL were present. These very small fish probably were young-of-the-year
recruiting into the sampled population. 1In 1989, the first length mode
between 50 and 150 mm TL was smaller than that observed in 1991 (Figure 6.46).

Movements

We tagged and released a total of 995 Arctic flounder in Arctic Refuge
coastal waters between 1988 and 1991. Of these fish, we recaptured 58 (6%)
(Table 6.23). Nine fish were recaptured in areas other than where tagging
occurred, and 49 fish were recaptured within the original tagging area.
Thirty-nine of the recaptured fish had been tagged in previous field seasons.
We documented movement of nine Arctic flounder among the sampling areas both
east and west from where tagging occurred. Of these fish, four moved between
Simpson Cove and the Kaktovik/Jago lagoon complex (three east and one west).
The remaining five moved within the Kaktovik/Jago lagoon complex (four moved
east and one west). We did not document movement of tagged Arctic flounder
east of Jago Lagoon or between Pokok Bay and Beaufort Lagoon.

Environmental Influences on CPUE

Simpson Cove.— Arctic flounder were most abundant in Simpson Cove during
July and the first week of August in 1988-91, although they were present in
diminishing densities throughout each sampling season. This intraseasonal
trend of diminishing CPUE included large daily variations, but was generally
coincident with decreasing water temperatures and increasing temperatures.
Daily catch rates at net station SCO04, in particular, were strongly positively
correlated with temperature and negatively correlated with salinity (Figure
6.47). At net station SCOl we detected similar relationships during 1988 and
1991. We observed higher CPUE, higher temperatures, and lower salinities at
net station SCO4 when compared to net station SCOl (Figure 6.48). This
relationship underscored the positive association between Arctic flounder CPUE
and water temperature. When pooled over net stations, daily catch rates were
again strongly associated with temperature during all four sampling years
(Table 6.24). Wind components were only weakly associated with Arctic
flounder daily catch rates, for both net station and area-wide data (Tables
6.24, 6.25). Strong correlations between CPUE and hydrographic variables in
1988 may be misleading due to the small sample size for the analyses (N = 10).

Kaktovik Lagoon.— We caught Arctic flounder in Kaktovik Lagoon throughout
the 1988-91 sampling seasons. While CPUE was generally higher at net station
KLO5, temperature and salinity regimes between the two Kaktovik Lagoon net
stations were similar (Figure 6.49). Temperature was the dominant variable in
the more successful station-specific modelling efforts (R? > 0.40) except for
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FIGURE 6.45.— Length frequencies (10 mm intervals) for standard fyke
net catches and age frequencies for Arctic flounder collected during July
with years pooled.
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TABLE 6.23.— Number of Arctic flounder tagged (N) and recaptured by
location in Arctic Refuge coastal waters, 1988-91.

Recapture area

Simpson Kaktovik Jago Beaufort Pokok
Tagging area N Cove Lagoon Lagoon Lagoon Bay
Simpson Cove 216 15 2 1 0 0
Kaktovik Lagoon 289 0 13 4 0 0
Jago Lagoon 240 1 1 12 0 0
Beaufort Lagoon 174 0 0 0 7 0
Pokok Bay 76 0 0 0 0 2
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TABLE 6.24.— Environmental variables?® influencing Arctic flounder CPUE
(pooled over stations). Coefficient of partial correlation.(zzp) for each
effect and overall R%? shown as determined by stepwise selection procedure.

Environmental
Year variable r?, R?
Simpson Cove
1988 SAL 0.88
TEMP 0.86
NW 0.73
NW1P 0.49 0.94
1989 TEMP 0.28
NW 0.04
EW 0.04 0.32
1990 TEMP 0.27 0.27
1991 TEMP 0.47
SAL 0.05 0.48
Kaktovik Lagoon
1988 EW1P 0.10
TEMP 0.08 0.17
1989 TEMP 0.08 0.08
1990 SAL 0.09 0.09
1991 TEMP 0.50
EW1P 0.17 0.54
Jago Lagoon
1988 EW1P 0.14
SAL 0.12
NW1P 0.10 0.29
1989 TEMP 0.20
SAL 0.05 0.24
1990 TEMP 0.30 0.30
1991 EW 0.31
TEMP 0.20 0.41
Beaufort Lagoon
1990 EW3P 0.13 0.13
1991 NW1P 0.08 0.08
Pokok Bay
1988 TEMP 0.13 0.13

2 EW-mean east wind vector; EWlP=mean east wind vector for previous day; EW3P=mean of east wind
vector over 3 previous days; NW=mean north wind vector; NWlP=mean north wind vector for previous day;
NW3P=mean north wind vector over 3 previous days; SAL=salinity(ppt); TEMP=temperature(C).
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TABLE 6.25.— Environmental variables® influencing Arctic flounder CPUE
(fish/d), followed by R? value of overall model. Parameter estimate is

positive unless followed by "(-)". "nv" = no eligible variables.)
Year
Station 1988 1989 1990 1991

Simpson Cove

sco1 SAL EW1P(-) nv TEMP
TEMP (0.11) EW3P(-)
NW . (0.60)
NW1P(-)
(0.95)
SC04 SAL(-) TEMP TEMP
(0.35) (0.53) (0.23)

Kaktovik Lagoon

KLOS EW TEMP nv TEMP

SAL(-) EW1P EW1P
EW1 EW (0.79)

(0.82) (0.59)

KL10 nv SAL TEMP TEMP

EW3P(-) EW3E(-) NW1P

(0.17) (0.42) EW1P
(0.76)

Jago Lagoon

JL12 nv TEMP TEMP EW1P

(0.32) EW1P(-) (0.28)
(0.31)

JL14 NW3P SAL(-) TEMP EW1P
EW3P (0.29) (0.53) SAL(-)
(0.33) (0.42)

Beaufort Lagoon

BLO2 TEMP TEMP
NW1P NW3P
NW3E(-) EW1E(-)
(0.68) (0.54)
BLO4 TEMP(-) NW1P(-)
(0.37) SAL
(0.39)
Pokok Bay
PBO1 NW1P(-)
(0.12)
PB02 TEMP
EW1P
NW1P
(0.71)

2 EW=mean east wind vector; EWlP=mean east wind vector for previous day; EW3P=mean of east wind
vector over 3 previous days; NW=mean north wind vector; NWlP=mean north wind vector for previous day;
NW3P=mean north wind vector over 3 previous days; SAL=salinity(ppt); TEMP=temperature(C).
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net station KLO5 in 1988 when a negative correlation with salinity was present
(Figure 6.50). Catch per unit effort at net station KLO5 was also directly
related to east wind components in 1988, 1989, and 1991 (Tables 6.24, 6.25).
While correlations between CPUE and physical variables were variable at net
station KL10 over the four year study period, relatively high daily catch
rates were strongly correlated with water temperature in 1990 (r? = 0.58) and
1991 (r? = 0.76). We also detected a positive relationship between
temperature and daily catch rates in the stepwise regression analyses (Table
6.25).

Jago Lagoon.— Arctic flounder daily catch rates in Jago Lagoon generally
decreased as the sampling season progressed (Table 6.6), coincident with the
gradual decrease in water temperatures and increase in salinities as the
influence of coastal runoff diminished (Figure 6.51). Similar to other
sampling areas, increased CPUE was associated with higher water temperatures
for station-specific and pooled data (Table 6.24). We also identified an
inverse relationship between salinity and CPUE by stepwise regression for net
station JL14 in 1989 and 1991. An east wind component was positively related
to 1991 daily catch rates at both Jago Lagoon net stations (Table 6.25).

Beaufort Lagoon.— Although temperature and salinity regimes were similar
between net stations BLO2 and BLO4, daily catch rates at net station BL02 were
higher in 1990, suggesting a location effect (Figure 6.52). The disparity in
daily catch rates between net stations contributed to poor results for
stepwise regression modelling efforts on pooled data (R? < 0.13).
Station-specific results were most successful for net station BLO2, where
daily catch rates were primarily associated with water temperature for 1990
and 1991 (Table 6.24). A seasonal trend of decreasing daily catch rates near
the end of the sampling season, coincident with decreasing temperatures, was
primarily responsible for this association. North wind components were also
associated with daily catch rates, although the direction of the effect
varied. As such, an interpretation of causal mechanisms was unclear. High
variation in daily catch rates remained difficult to correlate with short-term
environmental influences.

Pokok Bay.— Synoptic environmental and CPUE sampling in Pokok Bay occurred
over a relatively short period in late August and early September. Arctic
flounder CPUE was higher early in the sampling season when water temperatures
greater than 5°C and salinities were near 15 ppt. Similar to other sampling
areas, CPUE was positively associated with water temperature and daily catch
rates dropped as temperatures decreased in September. We detected the highest
Arctic flounder daily catch rates at net station PBOl in late July, prior to
collection of corresponding environmental data (Figure 6.15).

Discussion
Relative Abundance and Distribution

Our results suggest that the abundance of Arctic flounder along the Arctic
Refuge coast varies more among years than among sampling areas. Year class
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strengths of Arctic flounder in the Barents Sea have varied widely (Kobelev
1989). 1If this condition is also true in the Beaufort Sea, high annual
variation in abundance would result from the variable influence of the newly
recruited age class. For example, Arctic flounder in the 50-80 mm TL interval
were virtually absent in Kaktovik and Jago lagoons in 1988 and 1989, but were
extremely abundant in 1990 and 1991. This suggests that reproductive success
may have been much greater in the latter two years, a hypothesis which would
account for both the large among-year variability and the relative ranking of
mean annual catch rates.

Spatial and temporal wvariability in the relative abundance of Arctic
flounder have been previously reported (Bond and Erickson 1989, 1991). Bond
and Erickson (1989, 1991) observed fluctuations in daily catch rates at and
among sampling sites in Phillips Bay, Yukon Territories (1985-86), and the
Anderson River estuary, Northwest Territories (1989). During the latter part
of each sampling season declines in daily catch rates were found to have
occurred.

Our analyses detected significant variation among net stations and sampling
areas. The higher daily catch rates at net station KLO5 in 1988, 1989, and
1991, and in Kaktovik Lagoon in 1988 and 1989 suggest favorable conditions for
Arctic flounder in these locations. The spatial differences found in relative
abundance could have been a result of food item distributions (Bond and
Erickson 1989) and/or a consequence of hydrographic conditions (see
Environmental Influences on CPUE).

Early summer inshore and late summer offshore movements of Arctic flounder
resulting in declining daily catch rates have been reported (Bond and Erickson
1989). Data collected during our study appear to have annual temporal trends
in support of this observation. Inshore movements appear to have been
completed before sampling began (i.e. net station SCO0l, in 1990 and 1991, net
station KL10 in 1988, 1990, and 1991). The difference found between some of
the daily catch rates at the beginning and the end of the sampling season may
result from offshore movement (i.e. net station KL05 in 1991, JL12 in 1989,
and Simpson Cove in 1990). Deviations from these patterns could be due to
movements having occurred at different times and rates in each sampling
location and year.

Among-year comparisons indicate two trends. First, the 1988 sampling season
had some of the lowest overall and within time period daily catch rates.
Secondly, the daily catch rates were generally stable between years at some
locations.

Although abundance varied, Arctic flounder were present along the Beaufort
Sea coastline of the Arctic Refuge throughout the summer of each sampling
season. This widespread distribution suggests that localized coastal
development is unlikely to impact Arctic flounder populations through loss of
critical habitat. Thus Arctic flounder represent a valuable indicator
species. Regional absences of Arctic flounder subsequent to development may
indicate significant alterations in coastal habitat conditions.
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However, further sampling is necessary to identify the effects of inshore
and offshore movements on localized relative abundance. 1In addition, a longer
time series of data is necessary to identify factors affecting recruitment of
Arctic flounder. This information would aid our ability to characterize
annual variation, to discern development-related effects from natural
variability, and to identify possible cyclic patterns of abundance.

Length Frequency Distributions

We documented bimodal length frequency distributions for Arctic flounder.
The first mode, 50-150 mm TL, represented immature fish and the second mode,
200-250 mm TL, most likely represented mature fish. This species is thought
to reach sexual maturity between 4 and 8 years of age (Kobelev 1989).
According to our age and growth analysis (see Age and Growth), Arctic flounder
reach age-4 at an average length of 142 mm TL and age-10 at an average length
of 200 mm TL. These mean lengths, 142 and 200 mm, are at the length-modal
peaks of the length frequency distributions and probably distinguish immature
from mature Arctic flounder. Like many marine fish species, juvenile fish
commonly segregate from mature fish as a means of avoiding cannibalism
(Valiela 1984).

During 1988 and 1989, we caught a higher percentage of large fish (200-250
mm TL) in Simpson Cove and Kaktovik and Jago lagoons; whereas we caught a
higher percentage of small fish (50-150 mm TL) in 1990 and 1991. This change
in length frequency distributions may by a result of inconsistent effort, but
this is unlikely since we placed the fyke net stations in the same locations
during all four years. A more likely explanation is that large Arctic
flounders occurred more frequently in 1988 and 1989, whereas smaller fish were
more numerous in 1990 and 1991. Possible mechanisms causing small Arctic
flounder to become more abundant in these locations in 1990 and 1991 were not
addressed by our sampling design. However, a possible causal factor such as
changes in availability of suitable habitat could have influenced the
distribution pattern for either adult or juvenile fish. The availability of
suitable habitat can fluctuate due to changes in physical (i.e. water
temperature and salinity) or biological (i.e. prey availability) parameters.
Arctic flounder daily catch rates were positively correlated with temperature
and negatively correlated with salinity within a given season (see
Environmental Influences on CPUE). Although we did not address the question
of how environmental factors affect the CPUE of distinct size classes of
Arctic flounder, salinity and temperature conditions may have been more
suitable for larger fish in 1988 and 1989 and for smaller fish in 1990 and
1991. While we cannot answer the questions of causal relationships as they
relate to distributions of different age classes, a longer-term project
with specific objectives to study these mechanisms would clarify the trends in
length frequency distributions.

Condition

Gender differences.— Gender differences are common and separate sampling of
female and male fish for growth and condition are recommended (Bagenal and
Tesch 1978; Anderson and Gutreuter 1983). Kobelev (1998) demonstrated sexual
dimorphism in Arctic flounder in growth rates and age of sexual maturation
(Kobelev 1989). Differences found between females and males confirm that



1002 COASTAL FISHERIES STUDY, FINAL REPORT, 1988-1991 557

separate sampling by sex should continue for Arctic flounder.

Seasonal differences.— Higher Arctic flounder condition found in the later
sampling period agree with expectations that Arctic fish feed, store energy,
and develop gonadal tissue during the short summer open-water season.

Spawning is thought to occur in January and February (Kobelev 1989). By
September, substantial development of gonads would be required. Demonstrated
temporal differences in condition suggest that comparative studies (i.e. among
years or areas) consider sample timing to minimize variation. Multi-year
studies should select the same short time frame to sample each year. Within
one year, multiple sites need to be sampled simultaneously.

Overwintering.— Declines in condition are in agreement with current
hypotheses that Arctic fish store energy during the summer and consume it in
the winter. Spawning during the winter could also be a factor in overwinter
decreases in condition (Kobelev 1989).

Spatial differences.— Differences found in Arctic flounder condition among
areas in July must be interpreted in light of results indicating slope
differences and those indicating no intercept differences; our results were
mixed and difficult to interpret. No firm statements can be made. Efforts to
select length intervals of similar slope may improve evidence one way or the
other. 1In September results were more consistent and indicated spatial
differences when outliers were discarded or no differences when outliers are
retained (except during 1989). Differences are small, but still of concern
when trying to minimize variation. Kobelev (1989) reported spatial
differences in growth rates which might support these results. Conservative
study design would dictate that future sampling be site specific if it is to
be sensitive to changes in condition.

Annual differences.— Low condition of Arctic flounder in 1991, relative to
1989 and 1990, is consistent with patterns in other species from this study.
High annual variation of environmental conditions is well documented in the
Arctic. In 1991 the ice pack did not recede appreciably from the coast. Low
condition could be associated with the ice pack through a number of direct or
indirect mechanisms. Water temperatures were lower in 1991 (Figures 6.48,
6.49, 6.52). Wind-aided transport of food into nearshore areas from offshore
(Craig 1984) could have been blocked by surface ice. Finally, shading by ice
could reduce primary production in offshore areas. Although the specific
mechanism is not known, annual variation must be accounted for if comparative
studies are to be sensitive to changes in fish condition.

Age and Growth

Two strong age and length groups of Arctic flounder occurred during this
study. The first group or mode represented juvenile fish and the second mode
corresponded to adult fish (Kobelev 1989). A steady increase in overall mean
length at age indicated continued growth after maturity. Arctic flounder
mature at 3-4 years for males and 4-8 years for females (Kobelev 1989),

Results of our growth analyses were similar to those for Arctic flounder
collected in the Barents Sea (Kobelev 1989). Kobelev reported mean lengths at
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age for 3,598 Arctic flounder. When the sexes were pooled, those mean lengths
were comparable to ours at ages 4-10. As with the population in the Barents
Sea, Arctic flounder along the Beaufort Sea coast appear to grow very slowly.
The mean annual increase in length increment was 14 mm for our population and
13 mm for those Arctic flounder in the Barents Sea (Kobelev 1989) for ages
1-14. Long lived, slow growing fish are typically more vulnerable to negative
perturbations in their environment. As such Arctic flounder should be
considered as important indicator species if development occurs in coastal
areas of the Arctic Refuge.

Movements

Previous findings suggest that the movement of Arctic flounder is generally
inshore/offshore and localized (Andriyashev 1954; Griffiths 1983; Craig 1984;
Bond and Erickson 1989). Due to the study design the inshore/offshore
movement described for this species cannot be inferred by our tag-recapture
results. However, our results do appear to be consistent with the theory that
movement of Arctic flounder along the coast is localized. The high incidence
of recaptures occurring within the original tagging area suggest that Arctic
flounder do not frequently move between the sampling areas. Movement of five
Arctic flounder between Kaktovik and Jago lagoons can be attributed to the
proximity and rather limited separation of these lagoons. The lagoons are
adjacent to one another and separated by a peninsula of land, Manning Point,
which narrows to three meters wide at its base. A small stretch of the
peninsula becomes submerged during high water, aided by strong winds,
connecting the lagoons. Fish have been observed moving over this spit during
high water. Another travel route is Nelsaluk Pass connecting the two lagoons
at the tip of the peninsula.

Although localized movement appears to be the norm, we documented Arctic
flounder moving considerable distances along the coast. Four Arctic flounder
moved between Simpson Cove and the Kaktovik/Jago lagoon complex, representing
a minimum travel distance of approximately 60 km. There are at least two
possible explanations for this movement. First, this long distance movement
could be a rare occurrence. Only 0.4% of the tagged fish or 6.9% of the
recaptured fish, not including movement between Kaktovik and Jago lagoons,
moved "long" distances along the shoreline to other sampling areas. Secondly,
movement of one Arctic flounder of the four that moved between the
Kaktovik/Jago lagoon complex and Simpson Cove could be attributed to the
unique wind and water conditions during the 1990 sampling season. This period
was the only sampling season since 1987 in which winds were from the east and
were relatively strong during July and August (LGL, 1991). This movement
could also have been aided by currents that were caused by the prevailing
easterly winds.

Further tag-recapture studies will be necessary to thoroughly examine Arctic
flounder movement along the coast. To properly document movement, a
multi-year tag and recapture study of Arctic flounder consisting of both
inshore and offshore locations at specific sites along the coast is
necessary.
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Environmental Influences on CPUE

Arctic flounder exhibited an overall trend of decreasing CPUE towards the
end of the summer sampling season as water temperatures dropped and salinities
increased. This seasonal trend resulted in Arctic flounder CPUE being
positively associated with temperature and negatively associated with salinity
in both correlation and stepwise regression analyses. Whether this seasonal
abundance pattern was a response to preferred thermohaline conditions or,
alternatively, induced by trophic or reproductive stimuli remains unclear.
Kobelev (1989) reports Arctic flounder in the Barents Sea do not move more
than 40 km offshore and generally feed in shallow nearshore waters during
summer. Our data suggest that higher numbers of Arctic flounder were present
along the lagoon shorelines when water temperatures were near their summer
maximums. This is consistent with the work of Bond and Erickson (1987) in the
Yukon Territory, who found the highest summer concentrations of Arctic
flounder at the warmest and least saline sampling stations in Phillips Bay,
near the mouth of the Babbage River.

The nature of the relationship between CPUE and east winds observed in
Kaktovik Lagoon is uncertain, but may be related to offshore conditions
created by the upwelling which follows easterly winds (Hale 1991). Colder
upwelled waters may induce movement into the more protected waters of Kaktovik
Lagoon.

Vertical thermohaline isobars of the coastal lagoons suggest that benthic
waters may be less affected by short-term weather events than are surface
waters (Hale 1990). As such, daily movements of the substrate-oriented Arctic
flounder may be less influenced by meteorologic events than those fishes
inhabiting the upper water column. Salinity and temperature regimes for net
stations within some sampling areas appeared to be similar, while daily catch
rates were significantly different. The presence of this location effect was
most noticeable in Kaktovik Lagoon in 1988 and 1989 and in Beaufort Lagoon in
1990, and suggests the presence of some influential variable other than those
recorded in our study. When net station CPUE data were pooled, however, there
were few significant differences between sampling areas over a sampling season
(Table 6.2). As with other resident species, the offshore physical conditions
may affect inshore movement and distribution. High variability between net
stations within a sampling area underscores the need for increased localized
sampling effort to monitor areas potentially affected by development.
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Appendix A: Seasonal Catch Per Unit Effort 1988-91
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Appendix B: Tag Recovery Data
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